ABSTRACT Fukuda (1933) 
regarded as taxonomically distinct from G. soja since clustering as well as multidimensional scaling (MDS) were used to both are domesticated. in subgenus Soja could be a single species since they accessions. These data will be useful in helping to define a core collecwere not reproductively isolated, but on the basis of tion of annual Glycine. cultivated status, he recommended that G. soja be kept as a species and G. gracilis reclassified as G. max. Dae et al. (1995) applied isozyme and RAPD tech-T here are two species usually recognized within niques to evaluate genetic variation within the subgenus the genus Glycine subgenus Soja, Glycine max and Soja and concluded on the basis of morphological apGlycine soja. On the basis of data from morphology pearances that the intermediate forms of G. max were (Palmer et al., 1987) , cytogenetics (Hymowitz and Singh, also intermediate between G. max and G. soja on the 1987), phytoalexins (Keen et al., 1986) , restriction endobasis of genotypic measurements. Fei and Chen (1996) nuclease fragment analysis of mitochondrial DNA analyzed genetic diversity of the Glycine genus with (Doyle, 1988) , ribosomal RNA (Doyle and Beachy, RAPD markers using 21 accessions from 10 species of 1985), chloroplast DNA (Shoemaker et al., 1986) , and the Glycine subgenus and the three species of the Soja sequences from the ITS region of nuclear ribosomal subgenus (G. max, G. gracilis, and G. soja) with eight DNA (Kollipara et al., 1997) , G. soja is considered the primers. In this analysis, they found that the three speancestor of G. max. Besides G. max and G. soja, an 
MATERIALS AND METHODS
A Mahalanobis distance matrix was calculated for 12 quantitative traits collected in 1999 and 2000 by the formula: Thirty semiwild, 31 G. max, and 31 G. soja accessions,
and PROC DISCRIM previously classified on the basis of morphological traits when Mahalanobis in PC SAS (SAS Institute, 1999) . In this formula the accessions were initially evaluated, were selected from COV Ϫ1 is the inverse of the pooled sample variance-covarithe USDA Soybean Germplasm Collection for this study.
ance matrix, and X i and X j are the respective vectors of meaAccessions within each group were selected to have similar surements on groups i and j. Principal component analysis was origins and maturity dates (Table 1 ). All G. max accessions employed to identify the main factors among the 12 measured are primitive types that predate scientific plant breeding. The characters. Variables in this study were not measured in the lines were evaluated at Urbana, IL, in 1999 and 2000. The G.
same units, so the data were standardized with a square root max and semiwild accessions were grown in three replications transformation. The standardized data were subjected to prinin one-row plots 2.5 m long and 0.75 m apart, and the G. soja cipal component analysis by PROC PRINCOMP and VARlines were grown in hill plots 0.75 m apart in an aphid-proof CLUS option of PROC CLUSTER in PC SAS (SAS Insticage with one replication in 1999. In 2000, the experiment was tute, 1999). repeated with three replications for all entries.
RAPD fragments were scored as either present (1) or abTwenty phenotypic characters were selected to evaluate the sent (0). Jaccard's coefficient was used to measure the distance differences among the groups. Eight descriptive traits included between each pair of genotypes with the following formula: flower, pubescence, pod, seed coat, and hilum color; pubes-
where a is the number of common bands; cence form; pubescence density; and seed coat luster. Agrob is the number of bands present in first accession and absent nomic data consisted of a lodging score (scored 1 ϭ erect to in the second; and c is the number of bands absent in first 5 ϭ prostrate), a shattering score (scored at harvest and 2 wk accession and present in the second. D ij ϭ 1 Ϫ S ij was calculated after maturity with the following scale: 1 ϭ no shattering, 2 ϭ as a measure of dissimilarity. 1 to 10% 3 ϭ 11 to 25% 4 ϭ 26 to 50% 5 ϭ over 50%), weight A hierarchical cluster analysis was performed on the 92 by 100 seeds Ϫ1 , the ratio of stem diameter at the first internode 92 genetic dissimilarity matrix using the WARD option of and the last internode measured on three plants per plot, and PROC CLUSTER of PC SAS (SAS Institute, 1999) . Mean terminal leaflet shape. Terminal leaflet shape was based on distances within and between clusters were calculated using the ratio of the maximum length of the leaflet by the maximum a SAS Interactive Matrix Language (SAS/IML, SAS Institute, width of the leaflet on three plants in each plot. The sample 1999) program provided by D.Z. Skinner (personal communileaflets were taken at approximately two-thirds of the distance cation, 2001). Values of the cubic clustering criterion (CCC), from ground to the top of the final plant height. Stem diameter pseudo F statistic (PSF), and Hotelling's pseudo T 2 statistic and leaflet measurements were made late in the R6 growth were also considered for defining optimum cluster numbers stage.
(SAS Institute, 1999). A nonhierarchical cluster analysis proSeed composition measurements included protein and oil cedure, VARCLUS option of PROC CLUSTER in PC SAS concentration, and concentration of the following fatty acids: (SAS Institute, 1999) , was also applied to the original fragment palmitic, stearic, oleic, linoleic, and linolenic. Nitrogen content data to divide the accessions into nonoverlapping clusters. The of whole seed was determined with a LECO FP-428 Nitrogen data were also subjected to principal component analysis. Determinator (LECO Corp., St. Joseph, MI). The 6.25 conver-
The matrix of genetic distances generated from Jaccard's sion factor was used to calculate protein concentration on a genetic dissimilarity coefficient was subjected to multidimendry weight basis. Oil concentration (dry weight basis) of whole sional scaling (MDS) (Shepard, 1974) by the MDS procedure seed was determined with a 5 MHz nuclear magnetic resonance spectrometer (Newport Oxford Instruments, Newport in PC SAS (SAS Institute, 1999). The ABSOLUTE option was used to maintain the scale of 0 and 1 for making interpretaculated from the data collected in 2000, the Ward's tion and graphing easier. The criteria are similar to that demethod assigned all accessions into three clusters, which scribed by Thompson et al. (1998) and Gizlice et al. (1996) .
corresponded closely to the original accession classifica- G. soja and G. max for most traits (Table 3) .
Total 231 137
On the basis of the Mahalanobis distance matrix cal- variability for these phenotypic traits (Fig. 1) .
G. soja 5 5.0 c
The results from the principal component analysis max and G. soja, but not semiwild soybean from the two species (Table 3) . within the predominant G. max cluster 1 are all in same
The VARCLUS analysis resulted in four clusters with subcluster. All four accessions have seed weights greater both 1999 and 2000 data. Cluster 1 and cluster 2 included than 8 g 100 seeds
Ϫ1
, oil concentrations greater than 29 semiwild accessions. Although half of the accessions 170 mg g
, and linolenic acid concentrations of 100 mg in cluster 1 weigh less than 4.0 g 100 seeds
, the mean g Ϫ1 or less. G75, G70, and G06 also have high oleic acid 100-seed weight of cluster 1 (6.3 g) is nearly the same concentrations (190-220 mg g Ϫ1 ), and large stem ratios as cluster 2 (5.8 g). The range of seed weights in cluster 2 (7.4-9.7). These values are more typical for G. max.
is from 4.4 to 8.9 g 100 seeds
. Cluster 3 contained all G16 has severe lodging and shattering, and a smaller of the 31 G. max lines and one semiwild accession (G06) than average stem ratio that is more typical of wild and with a 12.9 g 100-seed weight mean. Cluster 4 was comsemiwild accessions. The analysis of the data collected in posed of all 31 G. soja lines and had the smallest 100-both 1999 and 2000 resulted in the same major clusters.
seed weight (mean ϭ 1.4 g) compared with other three Five dimensions in multidimensional scaling adeclusters. All four analytical procedures (Ward's, MDS, quately captured the information in the original Mahala-PCA, and VARCLUS) identified G06 as not being part nobis distance matrix (R 2 ϭ 0.97). Data from both years of the semiwild group. G75, G70, and G16 were identiresulted in nearly identical MDS plots and results were fied as such by all but the VARCLUS procedure. From consistent with the Ward's clustering method. The first the phenotypic data, we can conclude that the G. max dimensions accounted for 59% of the total variation and G. soja groups are clearly distinct from each other. and the two-dimensional plot showed that G. max and Those classified as semiwild form an intermediate but G. soja were in two distinct groups with the semiwild not always unambiguous grouping. accessions generally distributed between these two groups (Fig. 1) . The majority of semiwild accessions
Genetic Relationships Based RAPD Profiles
were clearly separated from the two species, but G75, G06, G70, and G16, the semiwild accessions in the preForty-four primers generated 137 polymorphic fragments out of a total of 231 fragments ( Table 2 ). The perdominantly G. max cluster by Ward's method, are positioned in the G. max group (Fig. 1) . In the fifth dimencentage of polymorphism (59%) is higher than reported in fewer than 10% of the semiwild entries but existed ‡ Number of accessions.
in more than 40% of the G. soja accessions. On the basis of phenotypic data, these accessions were set apart from the other semiwild accessions but were not associby Thompson and Nelson (1998) reextracted from M92 and 20 of the most polymorphic of OPO01 850 in these G. soja accessions may be one primers were retested. These results confirmed the origexplanation for why it did not occur in either of the inal data. other groups that are derived from G. soja. OPO01 700 The semiwild group has the smallest within-cluster was found only in the G. max lines. Li and Nelson (2001) genetic distance (0.107), whereas the G. soja group has also reported this as a unique band in G. max. It is the largest genetic distance (0.219). These results agree possible that changes in this region of the genome are with Maughan et al. (1995) and Li and Nelson (2001) partially responsible for the evolution of G. max. Exten- showing the greatest genetic diversity in G. soja. The gesive research would be required to confirm that netic distance between the semiwild cluster and the G. OPG11 2500 , OPO01 700 , and OPO01 850 are unique markers max cluster (0.199) was the least distance among the for semiwild, G. max, and G. soja, respectively, but they clusters indicating that the semiwild accessions have a do demonstrate the genetic separation of these closely closer relationship to G. max than to G. soja. Broich related groups. Removing these taxon-specific fragand Palmer (1980) also showed the semiwild and the ments from the analysis did not change the cluster G. max to be more closely related than either was to groupings. The pattern of divergence among the three G. soja. If the semiwild-types are evolutionary intermeclasses was primarily attributable to differences in fragdiates between G. soja to G. max, theoretically semiment frequencies.
wild-types should have a greater genetic variation than To estimate the number of clusters that should be G. max and less than G. soja. If the semiwild accessions generated on the basis of the RAPD data, we examined are hybridization products presumably only a small prothe CCC, PSF, and PST 2 statistics from the output of portion of the plants from G. soja and G. max would PROC CLUSTER. All three statistics indicated the have hybridized, which would cause the semiwild-type to have a narrower genetic base than either of the parenpresence of three clusters. Multidimensional scaling tal gene pools. If these assumptions are true, the data same field in Shenyang, China (41.48ЊN) (Bernard et al. 1989) . The genetic distances among these four accesfrom this research support the theory that semiwild accessions are hybridization products.
sions range from 0.096 to 0.186. S22 and S87 were collected in the same pasture near Gongzhuling, Jilin, The origin information for many of the G. soja lines is more precise than for the other accessions in this China (43.32ЊN) (Bernard et al., 1989) . They were phenotypically similar but the RAPD profiles were quite study. S50, S60, S72, and S73 were collected from the 
